The ongoing trend toward agricultural intensification in Latin America makes it essential to 18 explore intensification measures in combination with assumptions regarding future socio-19 economic development and policies to protect biodiversity and natural habitats. Information 20 on the future development of land-use and land-cover change (LULCC) under the 21 combination of various driving factors operating at different spatial scale-levels, e.g., local 22 land-use policy and global demands for agricultural commodities is required. The spatially 23 explicit land-use change model LandSHIFT was applied to calculate a set of high-resolution 24 land-use change scenarios for Southern Amazonia. The time frame of the analysis is 2010 -25 2030. The resulting maps were analyzed in combination with spatially explicit maps depicting 26 vertebrate species diversity in order to examine the effect of a loss of natural habitats on 27 species ranges as well as the overall LULCC-induced effect on vertebrate diversity as 28 expressed by the Biodiversity Intactness Index in this region. The results of this study indicate 29 a general decrease in Biodiversity Intactness in all investigated scenarios. However, 30 agricultural intensification combined with diversified environmental protection policies show 31 least impact of LULCC on vertebrate species richness and conservation of natural habitats 32 compared to scenarios with low agricultural intensification or scenarios with less effective 33 conservation policies. 34 35 36 102 2. Material and Methods 103 2.1. Study Area 104 This study focusses on the two Brazilian federal states MT and PA. These states differ greatly 105 in respect to their recent agricultural developments and their level of exploitation of natural 106 habitats due to the Brazilian agricultural development frontier running through this region (38, 107 39).
Introduction

37
Human induced changes to the biosphere have caused severe losses of biodiversity (1, 2) . The 38 process of human alteration of natural landscapes and resultant loss of biodiversity is a To address research question 1 we explore the effect of a conversion of natural habitats for the 84 timespan from 2010 to 2030 in a spatial resolution of 900m x 900m. This was accomplished 85 for four socio-economic scenarios and three different taxa (mammals, birds, and amphibians) 86 subdivided into three categories (threatened species, small-ranged species, and endemic 87 species) per taxon. We decided against the inclusion of the category total species richness in 88 our assessment. Total species richness as an indicator for biodiversity can be misleading as it 89 is mainly driven by wide-ranged species (5, 34) which might even be benefit from degraded Biodiversity Intactness Index (BII) (37) was calculated for the categories endemic species, 99 small-ranged species, and threatened species for each considered taxon. This indicator 100 provides information to what extent vertebrate species abundance associated with each single 101 grid-cell (900m x 900m) is influenced by LULCC. 140 In order to explore agricultural intensification and expansion in respect to different socio-141 economic and policy assumptions, 4 future scenarios have been employed for modeling land 142 use change. These scenarios have been developed during an interdisciplinary research project 143 (CarBioCial; www.carbiocial.de) thematically covering the study area (MT, PA). These 144 scenarios describe plausible future development pathways of Southern Amazonia until the 145 year 2030. Each scenario consists of a qualitative part (storyline) that provides a short 146 narrative of the future world and a set of quantitative information that describe the respective 147 main drivers of LULCC (49, 50). The storylines are elaborated by (51) . 148 The following paragraphs shortly describe the central assumptions of the scenarios. For a 149 comprehensive overview of the quantitative scenario assumptions (crop production, crop 150 yield, population, and livestock) see (52) . 151 The Trend scenario assumes a growing demand for agrarian products which is based on an 152 extrapolation of growth trends from 1973 to 2000 specific for each modelled crop. 179 We use maps of vertebrate diversity covering the whole area of Brazil (5) to illustrate the 180 overlapping of areas of vertebrate diversity and simulated LULCC in each investigated 181 scenario. The species diversity maps were generated by deriving polygon range data 182 concerning birds from BirdLife International and NatureServe (55) and polygon range data 183 concerning mammals and amphibians from the International Union for the Conservation of 184 Nature (56). These polygon range datasets were rendered at a spatial resolution of 10×10 km 185 in order to produce species diversity maps considering these three groups of terrestrial 186 vertebrates in Brazil (5). These groups were further subdivided into the categories small-187 ranged species, threatened species, and endemic species. Small-ranged species were defined 188 as those species that have a range smaller than the median for that taxon (2,250,813 km 2 for 189 birds, 1,230,901 km 2 for mammals, 66,979 km 2 for amphibians) in Brazil. For example, a bird 190 species is considered to be small-ranged by occurring naturally in a range of less than 191 2,250,813 km 2 , which resembles the median distribution range for that taxon in Brazil. were considered in this study. 197 We calculated the BII accroding to (37)in order to assess the impact of LULCC on overall Table 1 . A BII value of 1 indicates a species abundance on the pre-colonial level.
Land-use scenarios
Maps of vertebrate diversity and Biodiversity Intactness Index (BII)
212
An index of 0,5 indicates that the species abundance is reduced by half in reference to the pre-213 colonial level.
214
A decreasing BII value is an expression for further reduction of biodiversity intactness due to 215 LULCC affecting regions characterized by the occurrence of different species of different 216 taxa. An increasing BII value expresses a recovery of biodiversity intactness mainly due to the 217 displacement of anthropogenic land-use out of these regions or by replacement of certain 218 land-use types by "less harmful" land-use types (e.g. cropland to fallow land) within these 219 regions. population impact value is considered as an expression for the fragmentation of rainforest. year time steps that depict the resulting LULCC. For further analysis we aggregated 12 crop 234 types (64) into the land-use class cropland, the 5 distributed forest types (43) into the class 235 rainforest, and the 2 savannah types (43) into the class savannah (Cerrado) according to Table   236 2. Changes in location and area of the respective land-use types were determined by 237 comparing the maps for 2010 and 2030 using GIS software. Finally, we calculated the Biodiversity Intactness Index for the reference year 2010 and 2030 246 according to equation 1. This was accomplished by assigning each land-use type a specific 247 population impact (see Table 1 ) and multiplying this population impact by the area of the by 45,092 km 2 (+20.4%). Pasture area is slightly decreasing by 2,452 km 2 (-1.5%). categories with the exception of small-ranged birds which remains constant. We found 403 especially strong decreases for threatened mammals (-7.4%) and threatened birds (-6.8%).
238
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Concerning the Illegal Intensification Scenario, we see decreasing BII values for all taxa and 
421
This trend is confirmed in our study, which is among the first to investigate the impact of 422 projected LULCC on a proxy for overall terrestrial vertebrate diversity on a regional scale.
423
The negative effect of projected future agricultural production growth on natural habitats and 424 vertebrate species diversity is considerably reduced through agricultural intensification and 425 particularly through intensification of grazing intensities on pastures (compare with (14, 69) ). Figure 1 ). This is considerably less as compared to both 463 intensification scenarios. 
479
Even without an intensification of pasture management, this reduction of pasture area is able 480 to compensate further expansion of cropland area. Thereby, cropland expansion is limited to 481 released pasture areas, which mitigates LULCC pressure on natural habitats.
482
The positive implication of agricultural intensification on biodiversity found in PA is 483 confirmed also in MT. and was characterized by especially strong LULCC dynamics.
504
On the one hand, the potential for agricultural intensification in the Amazon may hint at the 505 way of sustaining food production here (13) but, on the other hand, it also draws a distressing 506 picture of the future in regard to negative impacts of intensification measures (74). Despite all 507 the positives of an intensification of agricultural production in regard to a conservation of 508 natural habitats, the negative impacts of an intensified agriculture cannot be neglected.
509
Especially pesticide, herbicide, and fertilizer application have to increase in order to increase 510 grass-and cropland productivity (75). The increased application of such products will have 511 negative effects on biodiversity (74). Especially the use of pesticides in tropical regions has 512 strong negative effects on amphibian populations because they are more susceptible to 513 pesticide use as compared to amphibian populations in temperate regions (76). Therefore, 514 biodiversity on intensified cropland is likely to decrease. Furthermore, the adoption of 515 intensified agricultural production will cause higher costs of production. These higher costs 516 may hinder smallholder farmers to apply such techniques. This in turn will imperil their 517 ability to stay competitive in comparison to large land holders who have better access to 518 monetary resources and can make larger investments into the intensification of agricultural 519 production (77). An increased livestock production in intensified systems (especially 520 feedstock systems) will increase the demand for livestock fodder production which, in turn,
521
will induce an expansion of cropland area and may be a cause of additional deforestation (77). only 4% of the assessed species appear to be threatened, whereas the global rate of threatened 531 amphibians lies at 31% (78) suggesting that the high data deficiency in regard to this taxon 532 and the investigated area are significantly influencing our results.
533
Moreover, we do not holistically explore the effects of agricultural intensification on natural 534 habitats and its biodiversity. In order to do so it would require an analysis of all factors of 535 agricultural intensification that positively or negatively influences wildlife and habitats. This 
